f SENT BY: TRACKMASTERS INT; + 441 9595771 85 j e-JUN-01 1 0:41 ; P ^ 3/ 2 024 

2001 06/08 FBI 05:36 FAX ALaN C0HEN p 

6- 7—2001 21:12 • .S. YAMAM0T0 OSAKA Li/ ^ 

SHUSAKU YAMAMIOTO 

RB: Japanee Laid-open Publicati n N . 1-282291 
US Patent No. S 128 687 

(Translation) 

japaneae Leid-Open Publication No. 1-282291 

Laid-open publication Datei November 14. 1989 
Application. Number: 63-109898 
Filing Date: May 1. 19«» 
inventor i c. HOSGKAWA 

Applicant: IDBMITSU KOSAN KABT7SHIKI KAISHA 

• SPECIFICATION 

1. Title of the Invention 
Thin-film BL element 

2. Claim 

A thin-film EL element Including an electrode, a hole 
injection layer, a light emitting layer, and an electrode, 
wherein a rare earth complex la ueed at a light emitting ma- 
terial of the light emitting layer. 

3. Detailed Deecrlption of the Invention 
[Field of the Invention] 

The present invention reletea to* thin-film BL (eloc- 
trolumineecenoe) element having a hole injection layer and a 
light emitting layer, which provider high luminance and 
clear color light amlsaion at c low applied voltage. 

{Prior Art and Probleme to be solved by the Invention] 

An EL element haa featuren of a high vieual reeogni- 
zability due to a self- light emlBiion syatem and a euperior 
re-iftano* againat impact because of being complet.ly .olld- 
atate . currently, EL elements uaing ZnStMn, which i« an 
inorganic flu reacent material, are widely uoed. However, 
.uoh an. inorganic BL eiem nt r «uir ■ an applied voltege of 
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as. high as close to 200 V to causa light emission, and thus 



Organic thin-film EL elements can significantly reduce 
an applied voltage ana tnus nave been developed with various 
materials. Vincette et al. have already produced an EL ele- 
ment using anthracene ae a luminophor and a vapor-deposited 
film having a thickness of about 0.6 \m. which provides blue 
light visible, in a bright place at an applied voltage of 
30 V (Thin Solid Films, 94 (1902) 171). However, this EL 
element hae problems of an Insufficient luminance of emitted 
light and of a high applied voltage still being required. 

Recently, an organic EL element emitting light having a 
luminance of S to 90 cd/m a at an applied voltage of aa low . 
as about 10 V has been produced with a thin film using the 
LB method (Langmuir Blodget Hethod) (for example. Japanese 
Laid-open Publication No. 61-43662). However, in the case 
of this organic BL element, laminated layers are produced of 
a light emitting material capable of accepting electrons and 
supplying electrons by accumulation of monolayers by the LB 
method. Therefore, this organla EL element has problems of 
a complicated structure and troublesome production, and thus 
is not suitable for practical use. 

In order to solve these problems, lamination-type EL 
elements including electrode /hole injection layer/light 
emitting layer /electrode, which have a simple structure and 
emits light of a high luminance at a low applied voltage of 
25 V er less, hava been developed. These EL elements are 
disclosed in Japanese Laid-Open Publication No. 59-194393 
and Appl. Phys. Lett. 51(12). 21 Sept. 1987. Among these BL 
elements, an BL leJnent described in Appl. Phys. Lett. 
SI (12), which usee an aluminum complex of e-hydroxyqulnollne 
as a light emitting material and a diamin -based compound as 



requires a complicated driving method. 
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a hole injection material, le a superior element providing a 
luminance of 1O0O ed/m a at an applied voltage of 10 V or 



However, these, lamination- type thin-film BL elements 
including elect rode /hole injeotion layer/ light emitting 
layer/electrode have a broad light emitting spectrum, and 
therefora are Inferior in the clearness of colors. Thus, 
theae thin-film BL elements have a problem in that it le 
difficult to accurately represent each of the RGB colors, 
i.e.. blue, green and red. In the oesa of the thin-film BL 
elemont deaoribed In Japaneae Lald-Open Publication No. 39- 
194393, the thleJaieSB of the film between the electrodes 
needs to be 1 |an or less. Therefore, especially when having 
a large area, this BL element hae a problem in that pinholes 
are easily generated and the productivity if low. 

An BL element which hae a two-film light omitting layer 
and uses a rare earth aomplex or the like ne a light emit- 
ting organic compound and thus providaa light emission hav- 
ing a sufficiently high luminance even at a low voltage has 
been developed <for example, Japanese Laid-open Publication 
No. 61-37887). However, this thin-film BL element An not of 
a lamination-type including eloctrode/hole injection 
layer/light emitting layer/oleotrode layers. Nor is it dis- 
closed how the brightness, i.e., clearness, of color of the 
light emitted by the clement is improved when a rare earth 
complex is used as the light emitting material in such a 
lamination-type EL element. 

The present invention, made in light of the above- 
descrlbed circumstances, has an objective of providing a 
lamination -type thin-film BL element including a hole lnjeo- 
ti n layer and a light emitting layer for emitting cl ar 



less. 
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color light having a high luminance and a aharp spectrum 
through an application of a low voltage. 

I Means for Solving the Problems] 

As a result of active studies in order to achieve the 
objective, the present inventor found that use of a rare 
earth complex, especially, a fluorescent rare earth complex 
as a light emitting material of a lamination -type EL element 
having an electrode, a hole Injection layer, ft light emit- 
ting layer and an electrode, greatly influences the bright- 
ness of oolor of light emitted by the element, and completed 
the present Invention- In other words, a thin-film EL «le- 
ment aaaording to the present invention includes an elec- 
trode, a hole injection layer, a light emitting layer, and 
an electrode, wherein a rare earth complex is used aa a 
light emitting material of the light emitting layer. 

Hereinafter, the present invention will be described in 
detail. 

The thin-film EL element according to the present in- 
vention is usable both for AC driving and DC driving. In 
the following deeerlptlen. DC driving will be used with ref- 
erence to Figure 1. 

In Figure 1, reference numeral 1 represents a substrate, 
which is formed of, for example, glass, plastics or quart*. 
Reference numerals 2 and 3 represent electrodes interposing 
a hole injection layar 4 and a light amittlng layer 5. one 
of the electrodes (electrode 2) is formed on the aubetrate 1 
and is formed of. for example, ITO (indium tin oxide), SnO* 
(tin oxide (IV) or ZnO (zinc oxide) to. be transparent or 
Bcmitraneparent. The electrode 2 usually has a thickness of 
30 nm to 1 |im and pref rnbly has a thickness of 50 to 200 nm 
from the point of view of transparency. The other 1 etroa 
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(electro da 3) acta as a counter electrode end is formed of 
metal such as, for example, gold, aluminum, magnesium or in- 
dium- The counter electrode 3 usually hae a thickness of 50 
to 200 nm. 

Depending on the type of the thin -film EL element, the 
electrode 2 on the substrate 1 may act as a metal counter 
electrode and the other electrode 3 may act as a transparent 
or semltrensparent electrode* 

The hole injection layer 4 is formed of a material whi- 
ch le formed of a hole transmitting compound and has a func- 
tion of transmitting holes injected from the electrode 
(positive electrode) 2 to the light emitting layer. A pref- 
erable example of the hole transmitting compound has a hole 
transfer coefficient of at least 10 M eanVV-sec when the 
layer is provided between electrodes supplied with an elec- 
tric field of 10* to 10 s volts/cm. Especially preferable ex- 
amples of the hole transmitting compound are aromatic amine 
compounds . 

Preferable examples of the hole, transmitting compound 
include amine compounds which are solid at room temperature 
and have at least one nitrogen atom tri-sutoetituted with a 
substituent. In this case, at least one of the tri- 
substituted groups is an aryl group or a substituted axyl 
group - 

Examples of useful substltuents in the aryl group in- 
clude alkyl groups having 1 to 5 carbon atoms f for example, 
methyl groups, ethyl groups, propyl groups, butyl groups, 
and amyl groupe? halogen atoms, for example, chlorine atoms 
and fluorin atoms; and alkoxy groups having 1 to 5 carbon 
atoms, for example, methoxy groups, ethoxy groups, propoxy 
groups, butyl groups and amyl groups. 

5 



+441959577185; 8-JUN-01 10:42; PAGE 6 

ALAN COHEN ©019/024 

S. YAMAM0T0 OSAKA - P- 19/24 
> SHUSAKU YAMAMOTO 



SENT BY: TRACKMASTERS INT; +441959577185; 
2001 06/08 FRI 05:34 FAX ALAN COHEN 

6- 7-2001 21 : 10 . S. YAMAMOTO OSAKA 

SHUSAKXI YAMAMOTO 

RE; Japanese Lald-Open Publication No- 1*262291 
US Patent No. S 12fl SS7 

According to the present invention, the hole transmit- 
ting compound needs to be formed into a thin film. Hole 
transmitting compounds formed into a thin film Include a 
compound expressed by the following formula* 

Formula 



In the above formula, Q 1 and Q 2 represent groups inde- 
pendently containing a nitrogen atom and at leaat three car- 
bon cycles (at least one of which is aromatic, for example, 
a phenyl group). The carbon cycles can each be a saturated 
cycle, for example, a cyclohexyl group or a cycloheptyl 
group . 

G represents a bonded group, for example, a cycloal- 
kylane group (for example , a cyclohexylene group); an azyle- 
ne group, for example , a phenylene group i an alkylene group, 
for example, a propylene group i or a C-C bond. Each of the 
compounds having the ebevo-shovn formula specifically In- 
cludes the following: 

1 , 1 - bis ( 4 -d±-p -tolyluninophenyl) - 4 -phenyl- eyclohaxano 
having the following formula (formula i)i 
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l.l-bia(4-di-p-tolylaminpphenYl) cyclohexaat having the 
following formula (formula 11) t 



ill) X, l-bie(4-di-p~tolylomlnaph©nyl) oyolohexane and & 
compound having the following formula (formula ill) * 



(In tha above formulas, n Is an integer of 2 to 4.) 
The compounds oxpreeeed by the above formula Include, for 
example, 4,4~bie(dipbanylafiiln.o) guadrlphenyl . 



For example , 4 « 4-bls (4*4Uinatbylamlno-2-methylphenyl) 
phenylmethane and N,N,N-tri(p-tolyl) amine axe included. 



Ae the light emitting material of the light emitting 
lay r 5, a rare earth complex ia ue d. Any rare earth com- 
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plex 1b ueable, but fluoreacent rare earth complexes ere 
preferable from the point of viev of the light emission ef- 
ficiency of the EL element , especially the following rare 
earth complexes are preferable- 



Ri and R, are independently! 



an elJcyl group having a oarbon number of 1 to 15 , for 
example, a methyl group, an ethyl group, a propyl group, a 
butyl group, an i •propyl group, a t-butyl group, an i-butyl 
group, an e-butyl group, an octyl groupi or a nonyl group: 

a halogenated al)cyl group having a carbon number of 1 
to 13 (hare, •halogen" refers to chloride, fluorine, bromide 
or the liJte), for example, a trifluorontBthyl group- a hep- 
tafluoropropyl group, a triehloromethyl group, a tribro- 
momethyl group, a dichloromethyl group, a chlorometbyl group, 
a dlfluoromethyl group, a fluorcmethyl group, a dibromometh- 
yl groups or a bromomethyl group j 

an aryl group "having 6 to 14 carbon atome, for example, 
a phenyl group „ a naphtyl group, a tolyl group, a xylyl 
group, or an anthryl group/ or 

a hetero atom, for example, a 5- or 6 -member heterocy- 
clic group containing on« nitrogen, oxygen or eulfur atom, 
for example, a pyrrolyl group, a ftiryl group, a thienyl 
group, or pyridyl group. 

R, is hydrogen or the same aa group sti. 
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M ie a rare earth element. Rare earth elements Include, 
for example, Ce (cerium), Tb (terbium), Sm (•amarlum), Bu 
(europium), Bo (bolmittm), Pr (praaeodymiw), Gd (gadolinium), 
Br (erbium), and Tm (thulium). 

Rare earth oomplexea usable in thin example include , 
for example, IBU(BFA)>J conaiatiag: of Bu and BFA (bentoyl- 
trlflueroaeetone ) . 

Thle ia expr eased by the following formula- 




M (TO f Ojp 



Ri, Ra# *j M hivo tlie somo definition* as above. 

•TOPO W ie tri-n-octyl phosphlne oxide. 

Rare earth oonplexee usable in this example Include, 
for example. iTbCTTAMTOPOhJ consisting ot Tb, TtA (the- 
noyltrifluoroacetone) endTOPO (trl-n-octyl phosphlne oxide). 

This ie expressed by the following formula. 
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Ra/ R» uxd M have the flame definitions afl above. 



Rare earth complexes usable In this example include, 
far example, [2u(TTA}a(Phen) ] cona±iit±ng e£ Bu, TTX and Phen 
(phenanthrollnj . [ffm(NTFA) 3 (Plien) ] consisting of 8m. NTFA 
(2-nephthoylfluoroaootonc) and Phen, and [Ce(TTA)*(Ph&n) ] 
conaiiting of Ce, TTX and Phen. 

CCe(TfTA)a(Phd&)] lfi expressed by the following formula. 




Speoific examples of the rare earth compound* expraoead 
by formulae © through (£) ore cxpraeeed by formulae (1-1) 
through (6-6) * 
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0 



(1-2) 




M-3) 



(1-5) 




(1-6) 




(2-1) 




(2-31 




CiHa /! 



(2-4) 




(2*5) 




G-6) 




«3-DIM(TTA)il (3-4) 




(3-2> 





(3-9) 




U-1>CM(NTFA>i] C4-4) 
(4-Z> 14 -91 ^ 



(3.-3) 




(3-6J 



f1 



(4-3) 



U-S) 
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CFi /3 




<6-U 



<6-*J 




(S-2J 




15-5) 




(6-2) 



8- 



C6-S) 




(5-3) 



<S-6) 



CS-33 
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M represents a rare earth element. 1,10-phenanthroline 
or triootyl phoephine oxide can be added to formulas (1-1) 
through (6-6). 

Other preferable examples of the rare earth complexes 
include: 

trie -bi -pyridine rare earth coa*plex salt* expressed by 
the following formula: 

where M is a rare earth tervalent ion, and A ±a an an- 
ion, for example, & peroMorate ion, a phoaphorus 
hexaflnoride.ion, a borofluorid. ion. an iodine ion, a bro- 
mine ion. a ohlorine ion or an acetic acid ion: 

rare earth compounds expreeead by the following for- 
mula: 

where M in a rare earth tervalent ion. for example, a 
terbium ion. end A la an anion which la aimlier to those 
lie ted regarding <3>; 

bis -pyridine rare earth compile aalta expressed by the 
following formula r 
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where M is a xaia earth tervalent lony and 

bi-pyrldUie rara earth complex salta expraaaed by tha 

following foxmulax 

where H li a rare earth tervalent Ion. 

X thin-film EL element having the above-daaarlbod 
structure is produced in the following manner. 

First, the transparent electrode 2 ±a formed on the 
substrate 1 hy vapor deposition, sputtering or the like. 
Next, a hole transmitting oompound i» formed into a thin 
film, thereby providing the hole injection layer 4 on a top 
surface of the transparent cleotrode 2. The hole transmit- 
ting compound is formed into the thin film by vapor deposi- 
tion under the following conditions. 

(Vapor deposition conditions) 

Boat heating condition! 50 to 400 # C 
Vacuum degree; 10" s to 10"' Pa 
Vapor deposition rute: 0.1 to SO nm/sec. 
Substrate temperature i -50 to 200'C 
Film thickness: 100 mn to 5 (in 
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Then, a light emitting material is formed into a thin 
film, thereby providing a light emitting layer 5 on a top 
surface of the hole injection layer 4* The light emitting 
material is formed into the thin film by spin- coating, cast- 
ing, LB, vapor deposition or the like. From the point of 
view of the uniformity of the film, elimination of pinholes 
and the li)ee, vapor deposition is preferable. 

The hole injection layer 4 and the light emitting layer 
5 can be performed in the opposite order j i.e., the light 
emitting layer 5 and then the hole injection layer 4 oaa be 
formed, both by vapor deposition. The thin-film EL element 
formed in this manner has a lamination structure including 
electrode 2/light emitting layer 5/hola injection layer 
4/electroda 3. 

Then, the counter electrode 3 of a thin film le formed 
on a top surface of the light emitting layer 6 or the hole 
injection layer 4 by vapor deposition, sputtering or the 
lJJce. 

(Example 1) 

On a glass substrate having a size of 25 mm x 75 mm x 
l.l ton, ITO was forwed to a thickness of 50 nm by vapor 
deposition* The resultant laminate was used as a transpar- 
ent support substrate. The transparent support substrate 
was secured to a substrate holder of a vapor deposition ap- 
paratus (ULVAC Japan Ltd.)- To a resistive heating boat 
formed of molybdenum, 200 mg of [Bu(TTA)i(Ph«)J was placed. 
To another boat, N # N # N 1 , N ' - t etraphonyl- ( 1 / 1 1 - biphenyl ) 4 , 4 1 • 
diamine (TPD) was placed. The pressure in ths vacuum tanX 
was reduced to 1 * 10 M Pa. 

[Eu(TTA)i (Phen) ] was obtained as follows. An gueous 
solution of uropium chloride was adjusted to a pH of 5,5. 

13 
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The resultant solution, TTA, ana Pben dissolved in a 1:1 
mixed solution of acetone and benzene were mixed and ex- 
tracted. The solvent was removed under a low pressure to 
obtain [Eu(TTA),(Phen)J. The obtained [Bu(TTA),(Phen) ] was 
purified. 

The resistive heating boat was heated to 140°C. The 
above -rent ioned complex wbb vapor -deposited on the transpar- 
ent support substrate at a vapor deposition rate off 
l.o nm/sec. Thus, a luminophor thin film having a thickness 
of 1.0 Mm wae obtained. At this point, the substrate tem- 
pera turo was room temperature. 

Another boat was heated to 210°C. TPD was vapor- 
deposited at a vapor deposition rate tf 1.0 nm/seo. A hole 
injection layer having a thickness of 500 nm was formed on 
the luminophor thin film. At this point, the substrate tew- 
perature was room temperature. 

The obtained laminate was removed from the vacuum tank, 
a stainless steel maeX was put on the thin film and secured 
again to the substrate bolder- To the resistivo heating 
boat of molybdenum, 20 mg of gold was placsd. The pressure 
in the vacuum tank was reduced to 2 x 10' 4 Pa. The boat wae 
heated to 1400°C, and a gold electrode having a thickness of 
100 nm was formed on the luminophor thin fll» to aot ae a 
counter electrode. The element was aufpplied with a DC 
voltage of 22 V, using the gold electrode as a positive 
electrode and the ITO electrode as a negative electrode. As 
a result, a current of 1.5 s* flowed, and emission of red 
light was provided. 

At thi» point, the. light emission maximal wavelength 
was 618 nm and the light emlsei n luminance was 436 od/m 1 . 
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CIB chroa.tlclty ^ordinate. »ere *-«•«. y--»- — * 

dicexLea clear red. 

(Example 2) . , 

An EL element w-e produced in the iame manner as that 

of Example 1, except that [S»(NFTAMFhen» wa. used. 

tS m(NFTAMPhen>] was obtained a. follow.. An aqueous 
solution Of samarium chloride was adjusted to a P B of 5 5. 
The resultant solution. NFTA. and Phen dissolved in a cyclo- 
hexane solution -ere mixed and extracted. *he solvent was 
reeved under a low pressure to obtain tSmCNFTAMPhen,] - 
The obtained [ft* (NFTA), (Phen)] was purified. 

The boat wae heated to 160'C while vapor deposition wan 
performed. The element wae -applied with a DC voltage of 
31 V. A* a result, a current of 23 mA flowed, and emission 
of red light was provided. 

At this point, the light emission maximal wavelength, 
wa- 654 nm and the light, emission lumiaance wae 200 cd/m . 
CIE ohromaticity coordinate, were x=0.56, y-0.323, vhioh in- 
Cleat es clear red. 

(Example 3) t>1 _ t 
An BL element wae produoed in the tame manner a* that 

of Example 1. except that [Tb(T»M«OtO>.l we, used. 

tTb(TTAMTOPO),] wa. obtained ae follow., An aqueous 
.olution of terbium chloride wa. edited to a pH of 4.5. 
The re.ultant .olution, 2 x mol/liter of TOPO and * 
10- mol/liter of. hexane solution of TTA were mixed and ^ex 
tr.cted Th solvent wa. removed under a low pressure to 
obtain "[ Tb ( TTA ) » ( TOPO ) i ] » Th obtain d [Tb(TTA)i(TOP0)j] was 
purified. 



17 



10.1 ../•• FW FAX ALAN COHEN " 

6- 1-2001 21:0-5 S. YAMAMOTO OSAKA P ' 

SHUSAKU YAMAMOTO 

BBi Japanese Laid-Open Publication No. 1-282291 
OS Pat tit NO. 5 128 587 

The boat was nested to 140«C While vapor deposition was 
performed, thereby forming a luminophor thin fUa having a 
thickness of 700 ». The element *a. applied with a DC 
voltage of 13 V. A. a result, a current of 1.3 mA flowed, 
and amnion of yellowish green light was provided. At this 
point, the light emission maxijnal wavelength wa. 545 nm and 
the light emiesion luminance was 985 cd/m». CIE chromatid 
ity coordinates were x*0.34. y-0.S6, which indicate clear 
yellowish green. 

(Example 4) 

An EL element was produced in the same manner a- that 
of Example l. except that fCeCTTAOPhen] wa. used. 

[Ce<TTA),FhenJ wa. obtained a. follow-. An aqueous so- 
lution of cerium chloride was adjusted to a pH or 4.5. Ba 
reaultant eolution. TTA, and Phen dissolved In a 1-1 mixed 
solution of acetone and benzene were mixed and extracted. 
The solvent wan removed under a low preseure to obtain 
[Ce(TTA),Phen]. The obtained [Ce(TTA) J Phenl wa. purified. 

The boat wa* heated to 145"C while vapor deposition was 
performed, thereby forming a luminophor tM» flla having a 
thieXnees of 600 nm. The element waa supplied with a DC 
voltage of 34 v. As a result, a current of 40 mA flowed., 
and emi-elea of bluish purple light was provided. 

At this point, the light amisalon maxJjnal wavelength 
was 400 nm and the light emission luminance waa 180 cd/m . 
CIS chromatioity coordinates were x-0.17, y=0.02, which in- 
dieates clear bluish purple. 

as a result, it was found that a thin-film EL aec rdlng 
to the present invention including a hoi injection layer 
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and a light emitting layer emits light the RGB colors, i.e., 
blue, green and red, with a high luminance, a sharp spectrum" 
and a high color saturation by an application of a low volt- 
age. This has realized color displays or the UKe consist- 
ing of a thin-film EL element emitting light of various col- 
ors with a high oleam.se. It was also found that the thin- 
film EL according to the present invention is easily pro- 
duced at a high productivity. 

[Effect of the Invention] 

As described above, a thin -film EL element aooording to 
the present invention provides an effect Of emitting light 
having a High luminance and a clear color. , 

4. Brief Description of the Drawings 

Figure 1 le a schematic , structural view illustrating 
one example of a thin-film EL element aooording to the pre- 
sent invention of a DC driving type. 

1, substrate; 2t transparent electrodai 3: counter elec- 
trode; 4: hole injeetlon layen 5« light emitting layer 
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Amendments 

June 2B, 1989 



To Mr. Fumitaka YOSHIDA, Commissioner of th# Patwit Offi< 

1. Identification of the Cana 
Japanese Application No. 63-109698 

2. Title of the Invention 
Thin- film EL element 

3. Party who files the Amendment a 
Relationship with the case: Applicant 

Addressi 3-1-1. Marvmouchi, Chiyoda-ku, Tokyo 
Name j Ideisitau Kosan KabuahlJci Kelsha 

4. Agent Phone: 5256-6866 
Address i Kanda Araki Bldg. , 5th Fl. 

1-14-6, Kanda- soda-cho, Chiyoda-ku, Tokyo 
Namet (8675) JCihai HATANABE/ Patent Attorney 

5. Date of Instruction to amend: preliminary amendment 



6. Item to be amended: Specification 

7 . Amendments 

♦Translation note: The following page and line numbers axe 
In the English translation. 

(1) Specification, page 3, 1st full paragraph, lin« 7 to 
12. "In the cae ... is low." is deleted. 
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(2) Specification, page 3, 2nd full paragraph, line 1: a 
typographical error in Japanese regarding "two-film" Is cor- 
rected. 

(3) Specification, page 13, 2nd formula (formula ©) i 




IA>» 



is corrected to: 




(A) specification, page 13, 5th line from the bottom end 
page 14. let line below 1st formula t "rare earth tervalent 
ion" la corrocted to "rare eartn element". 

(S) specification, page 14. la«t llnei -100 nm" le correct- 
ed to "100 A". 

(«) specification, page 13. 4th line from the bottom a ty- 
pographical error regarding "(WD)- i. corrected. 

(7) Specification, page 16. lot full paragraph, line 4 and 
2nd full paragraph, line 2. -l.o w/mo- 1- corrected to 
■1.0 JL/aeoV 

( a> Specification, page 16. let full paragraph, line 5s 
■1.0 \m* le oorreoced to "1000 A". 
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(9 ) specification, page 16. 2nd full . paragraph, line 3: 
"Soo nm" Is corrected to "500 A". 

(10) Specification, page 16. 3rd full paragraph, line 4s 
•20 mg of gold" la corrected to "2 g of gold" . 

(11) specification, page 18, line 3: "700 nm" is corrected 
to "700 A". 

(12) Specification, page 18, 4th paragraph, line 3: "600 nm" 
la corrected to "600 A". 

(13) Specification, page 18. Between 3rd line from the bot- 
tom and 2nd line from the bottom, the following paresjraphs 
are inserted- 

"(Example 5) 

A glass substrate (size: 25 mm x 75 mm x 1.1 mm: HOYA) 
provided with an ITO layer having a thickness of 100 nm to 
be used as a transparent electrode was used ae a transparent 
support substrate. The transparent support substrate was 
treated with ultrasonic washing *ith i.opropyl alcohol *or 
30 minutes and then immersed in isopropyl alcohol for 
further washing. The resultant transparent support sub- 
strate was dried with drying nitrogen 0«0 and secured to a 
substrate holder of a commercially available vapor deposi- 
tion apparatus. To a resistive heating boat formed of mo- 
lybdenum, 200 mg of N.N' -diphenyl-N,N' -bie(3-methylphenyl)- 
1 i--biphenyl-4,4'-diamine (TPDA) was placed. To another 
resistive heating boat of polybutene, 200 mg *i 
rBu(TTAMPhen)) was placed, and the resiotive heating boat 
rc, set in the vapor deposition apparatus. Then. The prea- 
sur in the vacuum tank was reduced to 3 x 10- Pa. The boat 
containing TPDA was supplied with electrio power s as to be 
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